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Abstract
Attempts to design truly universal primers to amplify chloroplast microsatellites have met
with limited success due to nonconservation of repeat loci across widely divergent taxa. We
have used the complete chloroplast genome sequences of rice, maize and wheat to design
five pairs of primers that amplify homologous mononucleotide repeats across the Poaceae
(grasses). Sequencing confirmed conservation of repeat motifs across subfamilies and a
preliminary study in Anthoxanthum odoratum revealed polymorphism at two loci with a
haplotype diversity value of 0.495. These primers provide a valuable tool to study cytoplasmic
diversity in this extensively studied and economically important range of taxa.
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Chloroplast microsatellites [cp simple sequence repeats
(SSRs)] are now becoming firmly established as a highresolution tool for examining levels and patterns of cytoplasmic variation in a wide range of plant species (for
review see Provan et al. 2001). Despite their value, their
utility has been limited somewhat by the requirement
for chloroplast sequence information to identify cpSSRs
and to design primers to the regions flanking the repeats
to facilitate polymerase chain reaction (PCR) amplification.
Previous attempts at designing universal cpSSR primers
have met with limited success (e.g. Weising & Gardner 1999),
generally due to the lack of conservation of homologous
mononucleotide repeat motifs at higher taxonomic levels.
Between genera within a family, however, levels of conservation of chloroplast microsatellites are usually fairly high
(Provan et al. 1999, 2001) and, on this basis, we have designed
five pairs of primers to amplify cpSSRs across the Poaceae.
The Poaceae (grasses) represent probably the single
most important family of plants in the world, both economically and ecologically. There are around 650 genera
and almost 10 000 species of grasses and they exhibit an
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§Present address: Arnold Arboretum of Harvard University, 22
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almost ubiquitous ecological distribution, being absent
only from the highest altitudes and polar regions. Cereals
such as maize, wheat and rice represent the main food
source for the vast majority of the world’s population and,
in addition, forage and turf grasses are also of great agronomic importance. Thus, these primers represent a novel
tool for cytoplasmic analysis in an extremely broad and
important range of taxa.
The complete chloroplast genome sequences of Oryza
sativa (rice), Zea mays (maize) and Triticum aestivum (wheat)
were searched for all mononucleotide repeats of eight
bases or more using the findpatterns program (Genetics
Computer Group). Five homologous cpSSRs in noncoding
regions were conserved across all three species and these
repeats plus their flanking regions were aligned using the
pileup program (Genetics Computer Group). Primers were
then designed manually to amplify each repeat and are
given in Table 1 (GenBank Accession nos XXXXX–XXXXX).
The PCRs were carried out on the following species
belonging to the Poaceae (subfamily in brackets): Aristida
longiseta (Arundinoideae), Bouteloua gracilis (Chloridoideae),
B. hirsute (Chloridoideae), Chasmanthium latifolium
(Centothecoideae), Danthonia spicata (Arundinoideae),
Deschampsia flexuosa (Pooideae), Ehrharta erecta (Bambusoideae), Hordeum spontaneum (Pooideae), Lolium perenne
(Pooideae), Molinia caerulea (Arundinoideae), Sorghum
© 2004 Blackwell Publishing Ltd
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Table 1 Poaceae universal chloroplast microsatellite primers
Length of mononucleotide repeat†
Locus

Primers

Tm (°C)

Size (bp)*

Oryza

Triticum

Zea

trnK intron

ATACAGTCTCTTTATCAATATACTG
GACGTTAAAAATAGATTAGTGCC
GGAAAAAYKGGTAATCTATTCC
GAAACAAAGAATATCACTACTG
TTATTTATTTCAAGCTATTTCGG
AATATCTTCTTGTCATTTTTTCC
TGGTTGATTGTATCCTTAACC
GAAGCAGCAGCAATTAGTGG
GATTGGTTCTCATAATTATCAC
TATTGAATTAACTAATTCATTTCC

58

172

(A)10G(A)6

(A)10G(A)6

(A)11

56

101

(A)9

(A)9

(A)8

56

127

(A)8G(A)6

(A)9

(A)9G(A)6

56

77

(T)8

(T)8

(T)9

56

149

(T)7 and (A)8

(T)7 and (A)8

(T)8 and (A)10

psbK/psbI
rpoC2/rps2
atpI/atpH
atpB/rbcL

*Expected size in Oryza.
†Homologous repeats found in EMBL database sequences for complete chloroplast genomes.
Tm, annealing temperature.
Table 2 Conservation of mononucleotide repeats across taxa studied
Mononucleotide motif
Species

trnK intron

rpoC2/rps2

atpI/atpH

atpB/rbcL

psbK/psbI

Bouteloua gracilis
Chasmanthium latifolium
Danthonia spicata
Lolium perenne
Sorghum nutans
Streptochaeta angustifolia
Zizania aquatica

(A)8G(A)6
(A)8G(A)6
(A)9G(A)6
(A)10G(A)6
(A)9G(A)6
(A)8G(A)6
(A)8G(A)6

(A)11
(A)8G(A)6
(A)6G(A)6
(A)7G(A)6
(A)7G(A)10
(A)7G(A)9
(A)6G(A)6

(T)8
(T)9
(T)9
(T)8
(T)8
(T)8
(T)8

(T)9
(T)7 and (A)10
(T)7 and (A)7
(T)9 and (A)8
(T)10 and (A)8
(T)7 and (A)8
(T)9 and (A)7

(A)11
(A)9
(A)9
(A)11
(A)12
(A)11
(A)11

halepense (Panicoideae), S. nutans (Panicoideae), Sporobolus
gigantens (Chloridoideae), Streptochaeta angustifolia (Anomochlooideae), Thysanolaena maxima (Arundinoideae) and
Zizania aquatica (Bambusoideae). Reactions were carried
out on a thermal cycler (MWG Primus) using the following
parameters: initial denaturation at 94 °C for 3 min followed by 35 cycles of denaturation at 94 °C for 1 min,
annealing at Tm (°C) for 1 min (see Table 1) and extension
at 72 °C for 1 min and a final extension at 72 °C for 5 min.
The PCR was carried out in a total volume of 10 µL containing 2 µL genomic DNA, 5 pmol 32P-end-labelled forward
primer, 5 pmol reverse primer, 1× PCR reaction buffer
[5 mm Tris-HCl, pH 9.1, 1.6 mm (NH4)2SO4, 15 µg/mL
bovine serum albumin], 2.5 mm MgCl2 and 0.5 U Taq
polymerase (Genetix). Products were resolved on a 6%
denaturing polyacrylamide gel containing 1× TBE and 8 m
urea after the addition of 10 µL 95% formamide loading
buffer. Gels were run at 70 W constant power for 2 h, transferred to blotting paper (3MM; Whatman) and exposed to
X-ray film for 1–2 h at −20 °C. Each of the primer pairs
amplified a product of the expected size in all of the species
tested. Levels of interspecific variation were high, with
© 2004 Blackwell Publishing Ltd, Molecular Ecology Notes, 4, 262 –264

between three (psbK–psbI) and 12 (atpB–rbcL) alleles detected
in the 16 species studied.
To confirm the conservation of a mononucleotide repeat
across species, we sequenced one sample from each of the
subfamilies used in the initial screen: B. gracilis (Chloridoideae), C. latifolium (Centothecoideae), D. spicata (Arundinoideae), L. perenne (Pooideae), S. nutans (Panicoideae), St.
angustifolia (Anomochlooideae) and Zi. aquatica (Bambusoideae). The PCR was carried out using the cycling conditions described above in a total volume of 25 µL containing
5 µL genomic DNA, 5 pmol forward primer, 5 pmol
reverse primer, 1× PCR reaction buffer [5 mm Tris-HCl,
pH 9.1, 1.6 mm (NH4)2SO4, 15 µg/mL bovine serum albumin], 2.5 mm MgCl2 and 0.5 U Taq polymerase (Genetix).
Products were purified (QIAquick; Qiagen) and sequenced
commercially. Sequencing of the amplified products
confirmed that homologous repeats were present in all
the taxa studied and that they were of sufficient length to
potentially display intraspecific polymorphism (Table 2).
To test the potential of the primers to reveal intraspecific
variation, they were used in a preliminary analysis of 25
accessions of Anthoxanthum odoratum (Avenae). Two of the
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loci were polymorphic, with two alleles at locus rpoC2/
rps2 and three alleles at locus atpB/rbcL. Combining the
data from these two loci gave three haplotypes and an
overall Nei’s haplotypic diversity value (H) of 0.495. The
success of these primers in revealing intraspecific variation
is in contrast to many of the studies that have used the
‘universal’ primers for all angiosperms (Weising & Gardner
1999), where interruption of repeats across divergent
taxa often leads to a lack of polymorphism (e.g. Rendell &
Ennos 2002). By restricting our scope to a narrower, but
still widely studied range of taxa, we have successfully
developed universal primers for high-resolution cytoplasmic
analysis of grasses and cereals.
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